Abstract. A fundamental relationship of inherent optical properties (IOP) is that the beam attenuation coefficient is the sum of the volume absorption and scattering coefficients (c = a + b). A relative calibration of a set of instruments can be provided using this IOP closure equation. Measurement of the true beam attenuation coefficient c is not practical as all attenuation instrumentation has some finite acceptance angle in which scattered light is collected. We provide a theoretical framework for measuring the attenuation and scattering coefficients in a consistent manner. Using this framework, we provide a practical version of the IOP closure equation. We apply the practical IOP closure equation to measurements made at Lake Pend Oreille, Idaho, in the spring of 1992. Results of this IOP closure indicate that the practical closure equation is a useful approach. Closure was achieved during some measurement sets but not at others. The intermittent lack of closure may be due to the method of determining the scattering coefficient from the general angle scattering meter or that the calibration of at least one of the instruments drifted during the time of the experiment.
Introduction
Several new techniques and devices for the measurement of the optical properties of water have recently been developed. Along with the new measurement techniques, methods for verification and testing of these new ideas and instruments must be developed. Closure of the inherent optical properties provides an important method of checking the performance of instrumentation. Closure is simply "the simultaneous verification of a mathematical relationship and a set of parameters by means of the independent measurement of the parameters" [Zaneveld, 1994, p. 62] . The inherent optical properties (IOP) are those properties of a water column that are independent of the radiance distribution [Jerlov, 1976] 
Another IOP, the beam attenuation coefficient c, is defined to be the sum of the absorption and scattering coefficients:
c---a+b.
Equation (2) provides the basis for closure of the inherent optical properties. Since (2) is exact, IaP closure is a test of the instrumentation only and does not test the mathematical relationship.
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An important aspect of closure is that it provides a method to check the consistency of individual IaP measurements. No such check is available when comparing measurements of a single or even two components of (2). For example, when multiple measurements of a single property, such as the absorption coefficient, are made in a natural water column, there presently is no way to know the exact value of the absorption coefficient, so that it is difficult to resolve which system provides the best measure of a. Measurement of the attenuation coefficient will help bound the possible values of a, but the true value of a remains unknown. With closure of the lap we are able to determine if the measurements of a, b, and c are consistent with each other. When lOP closure cannot be accomplished, (2) cannot be used to determine which of the properties measured has an erroneous value. Other measurements or relationships must be used in order to isolate improper measurements. Even with lap closure, it is possible, but unlikely, that all the measurements are in error by the same percentage.
Although lap closure provides a method to check the performance of instrumentation, there have only been a few times when all three parameters have been measured [HCjerslev, 1973 [HCjerslev, , 1974 . During the closure cruises of H0jer-slev it was not possible to measure all three laps simultaneously. The temporal and spatial variability between measurements affected the ability to obtain closure at some of the stations. Another interfering factor in H0jerslev's measurements is that the absorption coefficient was measured at a different wavelength than the attenuation and scattering coefficients. We will use these measurements in order to determine the present status of calibration and accuracy in the closure of the inherent optical properties. Phytoplankton and dissolved organics were the dominant optical materials in the measurement region. A phytoplankton maximum was located between 10 and 20 m depth. The chlorophyll a levels associated with the phytoplankton maximum were over 3 mg/m 3 . The chlorophyll a levels remained above 1 mg/m3 down to depths of nearly 60 m. The dissolved In choosing an acceptance angle, many factors must be accounted for. Using the pragmatic definition of c given in (4), there is no need to make scattering corrections to the attenuation coefficient. A scattering correction must be applied to the reflecting tube absorption meters, however, since they do not collect all of the scattered light. The first-order correction to the absorption measurements is given by a = a m --•'bl) 
Conclusions
The differences in the estimates of b 1 are not consistent over the 3 days. On May 6, at two of the three depths, it appears that closure was achieved, whereas on May 4 and 7 it does not appear that closure was achieved. Spatial and temporal variability may account for a portion of the differ- It is also necessary to improve our scattering correction schemes for the absorption meter. Presently, a single correction factor is used, although the scattering correction varies with wavelength, particle size distribution, and the optical properties of the particles. Better methods of correcting for scattering errors include using measurements of the absorption coefficient at long wavelengths [Zaneveld et al., 1992] . Such schemes would be able to account for changes in the particle size distribution that the present correction 
